Bornmann and Leydesdorff (in press) proposed methods based on Web-of-Science data to identify field-specific excellence in cities where highly-cited papers were published more frequently than can be expected. Top performers in output are cities in which authors are located who publish a number of highly-cited papers that is statistically significantly higher than can be expected for these cities. Using papers published between 1989 and 2009 in information science improvements to the methods of Bornmann and Leydesdorff (in press) are presented and an alternative mapping approach based on the indicator I3 is introduced here. The I3 indicator was introduced by Leydesdorff and Bornmann (in press).
Introduction
The goal of our mapping approaches (Bornmann & Leydesdorff, in press; Bornmann, Leydesdorff, Walch-Solimena, & Ettl, in press; Bornmann & Waltman, in press ) is to produce regional maps showing where excellent papers have emerged and where these papers have occurred frequently. Spatial bibliometrics has attracted a lot of attention: In general it pays off for the sciences within a country to identify and expand regional centers of excellence (with specific financial support). As a rule, there is a high probability of co-operation between scientists working at a short physical distance (Katz, 1994) . In Nature News Van Noorden Our most recent mapping approach (Bornmann & Leydesdorff, in press) considers the expected number in addition to the observed number of highly-cited papers for a city. If papers in the top-10% within a field, for example, are defined as the highly-cites papers, 10% of all papers published by authors located in a city provides the expected number. The observed number can be tested statistically against this expected number.
For example, if authors located in a city have published 1,000 papers, one would expect for statistical reasons that approximately 100 (that is, 10%) would also belong to the top-10% most-highly cited papers. An observed number of 70 highly-cited papers for this city may seem as a large number compared to other cities, but the specification of the expectation changes the appreciation. This approach has drawn considerable attention in science journalism (see, e.g., http://www.physorg.com/news/2011-03-european-team-scientificrelevance-city.html or http://blogs.discovermagazine.com/80beats/2011/03/22/the-bestcambridge-london-and-worst-moscow-taipei-cities-for-science/).
Using data from information science as an example we introduce here improvements and extensions of our approach. New programs and guidelines to generate maps have been made available at http://www.leydesdorff.net/topcity (for testing against the expected topcited papers) and at http://www.leydesdorff.net/software/i3. On the latter page, a user can find all software needed for the mapping based on the Integrated Impact Indicator (I3). I3 was introduced by Leydesdorff and Bornmann (in press ). Using percentile ranks (e.g., top-1%, top-10%, etc.), I3 integrates the citation curve over a publication set into an indicator value after normalization of the citation curves to the same scale.
Methods

Statistical procedure
Comparison of the observed and expected top-cited paper numbers
The z test for two independent proportions (Sheskin, 2007, pp. 637-643) can be used for evaluating the degree to which an observed number of top-cited papers for a city differs from the value that would be expected on the basis of randomness in the selection of papers (Bornmann & Leydesdorff, in press ). The value of z is positively signed if the observed number of top papers is larger than the expected number and negatively signed in the reverse
case. An absolute value of z larger than 1.96 indicates statistical significance at the 5% level (p<.05) for the difference between observed and expected numbers of top-cited papers (marked with an asterisk *). Due to the large number of city tests being conducted (here: n=342), especially highly significant p values (p<.01) should be considered as significant and interpreted (marked with at least two asterisks **; analogously, *** will be used to indicate p<.001).
Using this statistical test, we designed the city circles which are visualized on the map using different colours and sizes. The radii of the circles are calculated by using: |observed value -expected value| + 1. The "+1" prevents the circles from disappearing if the observed ratio is precisely equal to the expected one. 
Calculation of I3
One is inclined to conceptualize citation impact in terms of citations per publication, and thus as an average. The Impact Factor of journals (Garfield, 2006) , for example, is an average. However, citation distributions are skewed and the average has the disadvantage that the number of publications is used in the denominator. Thus, a principal investigator has a higher average citation rate than s/he and her junior team together. However, the impact of the group is larger than that of the individual.
In other words, size matters for impact. Leydesdorff and Bornmann (in press) therefore replaced averaging with integration of the citation curve, but after qualifying the underlying publications in terms of their respective percentiles: a top-1% publication obtains 100 percent points whereas an average publication gets only 50 points. (Schubert & Braun, 1986 ) and will therefore be called RI3R. RCR and its derivatives such as CPP/FCSm (Moed, Debruin, & Van Leeuwen, 1995) and NMRC (Glänzel, Thijs, Schubert, & Debackere, 2009 ) have often been used for the normalization against a "world average." Unlike these authors, however, we do not divide the two means (Gingras & Larivière, 2011; Opthof & Leydesdorff, 2010) , but use the expected value for the significance test.
As an average value RI3R (impact/paper) is sensitive to large values in the denominator and therefore small cities are relatively advantaged over larger ones. We use a minimum value of N = 5. The color scheme is similar as above, but the diameters of the nodes are based on the logarithm (ln) of the number of papers 2 involved because of the comparatively large differences between observed and expected values in the case of I3, and correspondingly small ones in the case of I3/n.
Procedure to generate the underlying data
Data for the comparison of the observed and expected top-cited paper numbers
The procedure to map the cities of the authors having published the top-cited papers in a certain field is described in detail in Bornmann and Leydesdorff (in press ). In the following, we describe the most important steps and changes of the procedure. The top-10% of papers with the highest citation counts in a publication set can be considered as highly cited (Australian Research Council, 2011; Bornmann, Mutz, Marx, Schier, & Daniel, 2011) . In this study we follow this classification and focus on the top-10% of papers published between 1989 and 2009 in information science, using a citation window for each paper from publication year up to the date of harvesting data from the Web of Science (WoS) 5.3 for this research (July 2011).
In a first step all papers with the document types "Article" were retrieved from the SSCI database which had been published between 1989 and 2009. To cover in this study the core journals of information science we included the same journals as used earlier by Leydesdorff and Persson (2010, p. The search in WoS results in 6,242 papers which were saved as "full records" in packages of 500 articles each as plain text (e.g., savedrecs500.txt). The resulting 13 packages are then merged into a single file "data.txt" (see here the instructions on http://www.leydesdorff.net/software/isi/index.htm). This file is stored on the disk in a separate
folder. The following procedure should be followed (see here also http://www.leydesdorff.net/topcity/index.htm). The programs cities1.exe and cities2.exe are copied from the website into the folder. These programs (including the respective user instructions) can be downloaded from http://www.leydesdorff.net/maps (see here Leydesdorff & Persson, 2010) . The current version of cities1.exe no longer processes data downloaded from the WoS 4 interface, but only from the (new) WoS 5 interface.
Upon running, cities1.exe will prompt the user with the question: "Do you wish to skip the database management?" This question should the first time be answered with "N"
(meaning: no). Thereafter, four questions follow: with the first and second questions one can set a threshold in terms of a minimal percentage of the total set of city-names in the data or set a minimum number of occurrences. The default answers to the questions ("0") can all be accepted. The third and fourth questions enable the user to obtain a cosine-normalized data matrix and to generate network data. Both questions can for our purpose be answered with "N" (meaning: no).
The program cities1.exe creates among other files the file named cities.txt. This file contains all city entries from data.txt, but organized so that this data can be "geo-coded," that is, provided with latitudes and longitudes on a map. The content of cities.txt can be copiedand-pasted into the GPS encoder at http://www.gpsvisualizer.com/geocoder/ (using Yahoo! as source for the geocoding). Geo-coding can also be done automatically using the Sci Bornmann and Leydesdorff (in press ).
The program topcity4.exe firstly asks to specify a percentile level. In this study, we used the top-10% of the most cited papers, and accordingly ten percent (the default) was entered. The user is further asked for the wished minimum size of the sample/ city. Only cities with the minimum paper number entered here are considered in the visualization (in this study: five papers). The last question for the minimum in the top-set gives the user the possibility to enter a threshold for considering of cities with at least zero, one or more papers among the top 10% (in this study, we use the default of zero papers).
The main further development of topcity4.exe against topcity2.exe concerns the possibility to include papers published in more than one year (here: 1989 to 2009).
topcity4.exe considers papers with the same publication year as the reference set for computing the percentiles. Furthermore, we used Rousseau's (in press) suggestion to count the percentiles as the number of papers with a lower than or equal to citation rate divided by the total number of papers. The addition of the equal to sign ("≤" instead of "<") warrants that all articles including those in a reference set of less than hundred have a chance of reaching the top (100%) level. However, we decided not to distinguish for document types within publication years.
The file "ztest.txt" is one output file of topcity4.exe, and can be uploaded into the GPS Visualizer at http://www.gpsvisualizer.com/map_input?form=data. The data relevant for statistical analysis are provided in the file ucities.dbf which can be opened using Excel or SPSS. If more than a single co-author but with the same address is provided on a publication, this leads to a single city occurrence in the output. If the scientists are affiliated with departments in different cities, the different city names are used in the programs. The counting of occurrences in this study (so-called "integer counting") follows the procedure of how author addresses on publications are gathered by Thomson Reuters for inclusion in the WoS.
In "ztest.txt" the city entries from the WoS data are organized so that aggregated city occurrences can be visualized on a map, that is, provided with latitudes and longitudes (the source of the coordinates was in this case Google). The file "py.txt" contains for each publication year the number of papers belonging to the top papers (here: 10%) and the minimum number of citations for being a top paper (here: 10%).
The webpage of the GPS Visualizer offers a number of parameters which can be set to visualize the information contained in "ztest.txt." We suggest to change the following parameters: change (a) "waypoints" into "default;" (b) "colorize using this field" into "custom field" and choose "color" in this field; (c) "resize using this field" into "custom field" (d) in "custom resizing field" "n" is written and (e) at "Maximum radius" replace 16 with 30 (or 25). After processing the GPS data, the Google map is displayed first in a small frame, but this map is also available as full screen. The map shows the regional distribution of the authors of highly cited papers (cities with authors who published at least one excellent paper in the sample). The opacity of the background map can be adjusted and other layouts are also available in Google or Yahoo!. With the instruments visualized on the left side of the map one can zoom into the map. (Initially, the global map is shown.) Using the freely available API of Google, one can upload the html to one's own website.
For the maps presented here we zoomed in on some regions, like Europe and the USA.
In order to determine the quotient of observed and expected numbers of excellent papers for a specific city, one can click on the respective city. The number is then displayed in the respective labels. We advise to check the maps against the original data at a number of random places before exhibiting it on the web. The user has all statistical data available in the file ucities.dbf.
Data processing for the calculation of I3
Since we used the same data set for generating I3-maps as for the maps comparing observed and expected top-cited papers, we present in the following only a general description of the procedure to produce maps. The website at http://www.leydesdorff.net/software/i3 provides the routines to compute I3 for a set of papers downloaded from the WoS, version 5. First, the download can be organized in a relational database using the program ISI.exe. ISI.exe uses as input the download in the tagged format of the WoS which is available in the same folder and named "data.txt". The output is a set of databases (.dbf) which can be read using Excel or SPSS. For example, authors are organized into au.dbf and email addresses into em.dbf.
The resulting files can be used by isi2i3.exe as input. This program transforms core.dbf into i3core.dbf, au.dbf into i3au.dbf, and cs.dbf into i3cs.dbf. The program may take a while; in the case of large files, one can perhaps leave it overnight.The resulting files (e.g., i3core.dbf) are only different from the input files in a number of additional fields: the field i3f provides the value of i3 normalized as percentiles in relation to the set under study ("the field"), and i3j is normalized at the level of each journal. Percentile values are normalized with reference to publication years and document types, and also Rousseau's (in press) correction is used.
Note that the use of i3f is only sensible if the set consists of all papers published in single field with comparable citation characteristics (Garfield, 1979; Leydesdorff & Bornmann, 2011; Moed, 2010) . Analogously, r6f and r6j provide values for the six percentile ranks used by the NSF: top-1%, top-5%, top-10%, top-25%, top-50%, and bottom-50% National Science Board, 2010) . isi2i3.exe furthermore generates a number of summary tables that one can use: i3so.dbf summarizes the data after aggregation at the journal level ("so" for source); i3cntry.dbf for aggregation at the country level. I3inst.dbf and i3au.dbf allow for aggregation at the institutional level and author level, respectively, using pivot tables in Excel or "Aggregate cases" in SPSS. Note that the results addresses are "integer counted": each record is counted as one, whereas fractional counting would require an additional routine to attribute credit proportionally in the case of multi-authored papers.
i3cs.dbf can be used as input for the generation of overlays to Google Maps strictly analagous to the procedures described above for cs.dbf. Instead of cities1.exe and cities2.exe, one uses in this case i3cit1.exe and i3cit2.exe. Instead of inst1.exe and inst2.exe, one uses analogously i3inst1.exe and i3inst2.exe. i3cit2.exe and i3inst2.exe directly produce the various output files among which is ztest.txt.
3 Results Figure 1 shows the location of authors in Europe having published highly-cited papers in information science and the deviations of the observed from the expected number of top-10% cited papers per location (the circle radii). Since the underlying data of a map from WoS (bibliographic data) and Google (and Yahoo!) are error-prone (Bornmann, et al., in press), we decided to visualize only cities (n=342) with an article output of at least five papers (see above). There is a danger for cities in the data with a small number of papers that they result Smaller centers with a few high-quality papers during these two decades are foregrounded.
Similarly in the USA, one can see (at http://www.leydesdorff.net/lis11/lis11ri3r.htm) that cities with large concentrations of papers such as Philadelphia lose their significance in terms of average impact whereas the 13 papers published with an address in Albuquerque NM are now indicated as on average highly significantly above expectation in terms of their impact.
Discussion
In this paper we have presented extensions and new rudiments of our mapping approach published recently (Bornmann & Leydesdorff, in press) . The different results of both mapping approaches point to the desirability to visualize the same data set including publication and citation numbers for cities using these different approaches. Only in this way it is possible to see (1) results in agreement which is an indication of reliability and (2) different results which can point to unreliable results (because they are somehow dependent on the method).
Both approaches, for example, show agreement about a spatial concentration of excellent scientific activity in Belgium and the Netherlands. Since both approaches point this out it seems to be a reliable result for information science. Bornmann, et al. (in press) propose to name such spatial concentrations of activity the "reverse N-effect." The formulation of the N-effect goes back to Garcia and Tor (2009) . The reverse N-effect can then be defined as follows: "More competitors (here: prolific scientists) working within the same region produce better results … the better result may consist of a higher output of highly-cited papers" (Bornmann, et al., in press ). Both Belgium and the Netherlands are characterized by some excellent research groups or institutes, respectively, which undertake information science research and research in related areas on a very high level.
There are several problems inherent to the mapping approaches proposed here. Bornmann, et al. (in press ) formulate a comprehensive list of problems of which one should be aware. The two most important ones are the following:
1) There are circles on the maps that are not at the correct position. In the various routines, we try to avoid these misallocations, but misspellings, for example, may occur. The misallocations do have different sources: errors in the WoS data or erroneous coordinates provided by the geocoding.
2) High numbers of publications visualized on the map for one city might be due to the two following effects: (a) Many scientists located in this city (i.e., scientists at different institutions or departments within one institution) produced at least one excellent paper or (b) one or only a few scientists located in this city produced many influential papers. Assuming cities as units of analysis, one is not able to distinguish between these two configurations.
The maps produced by the approaches introduced here should always be checked carefully. Bornmann, et al. (in press ) describe some advanced techniques to do this. Since the bibliometric data from the databases (WoS) and the geocodes for cities are error-prone, maps are never without any errors. This fact should always be considered in spatial bibliometrics (as an observer as well as a producer of maps). If the reader of this article finds some errors on the maps produced for this paper we appreciate a corresponding feedback. 
